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Cultural Heritage (CH) analysis
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A « M. Barberio, ..., P. Antici: TiO2 and SiO2 nanoparticles
MN[SH : < film for cultural heritage: Conservation and
= consolidation of ceramic artifacts
Edcthﬁl’od“ﬁtd S U= Surface and Coatings Technology, 271, 174 (2015)
. « M. Barberio,..., P. Antici: AFM and Pulsed Laser Ablation
“Accessibility and preservation of Methods for Cultural Heritage: Application to
cultural heritage is needed for the Archeometric AnalySiS of Stone Artifacts
vitality of engagement within and Appl. Physics A 0947, 8396 (2015)
across European cultures by also » S. Veltri, ..., P. Antici: Synthesis and Characterization of
considering the importance of cultural thin-transparent nanostructured films for surface
heritage as strong economic driver in protection
a post-industrial economy and its Superlattices and Microstructures 101, 209 (2017)
contribution to sustainable economic « M. Barberio, ..., P. Antici: Pigment darkening as case

growth.”

Current Challenge in CH:

Physics and Chemistry for
Cultural Heritage: obtain a
complete chemical/
morphological analysis of
artifacts, preventing damage

study of In-Air Plasma Induced Luminescence
Sciences Advances (in press)

Chemical analysis: Morphological analysis:
X-ray photoelectron Spectroscopy (XPS) SEM
X-ray fluorescence (XRF) AFM

Energy Dispersive Spectroscopy (EDX)

Photoluminescence
Particle induced X-Ray Emission (P1XE)



What is Particle Emission (PIXE)
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PIXE: proton beams stimulate the emission of A technique used in the Cultural Heritage
X-rays (Gamma), which allows performing a analysis, medicine, industry

chemical analysis of the material.
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rays Hg-M+S-K
light ion rY ? i
1-3MeV )

characteristic
X-rays
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Example of PIXE to analyze the pigment's composition of The Trivulzio portrait by Antonello da Messina
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» Advantage over X-Ray 2 12] Cu
. c
protn Fluorescence: detection 3 10
O 0 08
of low Z elements and £ 05/ Ca .
higher spatial precision g 04
. 021 Fe /
> Detection of elements ” UL /
up to 10 ppm 305 7 9 0 13 15 1
~—- > Little invasive ray eneray (&)

K and L shell X-ray emission Analysis performed at LABEC (Florence)
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Total Pixel

Scan size 1% 1 mm?
Pixel resolution 10 um
Beam charge 18uC T.8nC
Av. current 8 nA
Acquisition time 35min 210 ms -
Matrix count rate — TTKCJS A well established technique in many

- Trace countrate  69kcfs laboratories: AGLAE (France), LABEC
AGLAE @ Louvre I A (Florence), CENBG (Bordeaux) etc.

L. Pichon et al., Nucl. Instr. Methods Phys. Res. B 363, 48-54 (2015)
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Numerical simul
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Typical CH
materials:

Silver/Gold/
Bronze
Marble
Ceramics
Paper
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Energy deposition code simulating the TITAN spectrum (distance=6 cm)

» Temperature below meting point
» “Safe” distance in the >5 cm range

» Bunch duration in the ns range, cooling phase in
the ns range
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Experimental setup:
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Artifact

Emission angle (10°)
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Incidence angle (10°)
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Ceramics artifact from AD 1650
(archeological situ of Nicastro), provided by
the Ministry of Culture in collabration with
the Regione Calabria
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Before irradiation  After irradiation

ceramic sample

Chemical analysis: Conventional XRF
spectroscopy and Thermoluminescence

RRELE 25
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No
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—— After proton irradiation B | j
— Bofore proton madiation | © & 3 Natural age: 324 years
I E : Detected age: 140000 years
: L
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» XRF: no chemical modifications of
the irradiated sample

» Absorbed dose alters the
thermoluminescence of the
materials: the age of the sample is
artificially increased



X-ray spectrum an sample with Bragg-
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» Chemical composition of the sample Y | | | | |
successfully retrieved (Ag 97%, impurities of Ti, 0 5 10 15 20 25 30 35 40
Cr and Cu) Photon energy (keV)
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S C | E N T | F | C R E Pg}RT S Method and system for analysis of objects

Abstract
OPEN Laser-Accelerated Proton Beams as
Diag nOStiCS fOl’ CU ltU ral Heritage A spectroscopy method and system, the method comprising irradiating an object with a
M. Barberio®, 5. Veltri®, M. Sciscié™ & . Anticit® laser-accelerated particle beam and detecting photons emitted by the object as a result of
o ) the i ion between the | particle beam and the object. The system

comprises a laser; a particle source, positioned at a distance from the object; and a
spectrometer and a detector; wherein the particle source generates a laser-accelerated
particle beam under irradiation by the laser; and the spectrometer and the detector detect
photons emitted from the object under irradiation by the laser-accelerated particle beam.

the arif
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advantage ofbeing potentially quicker and more efficient.
Images (7)

M. Barberio, S.Veltri, M. Sciscio and P, Antici,
Sci.Rep. 7, 40415 (2017)

US20180209925A1

United States

B Download PDOF  [& Find Prior At~ 3 Similar

Inventor: Patrizio Antici, Marianna Barberio

Current Assignee : Institut National de la Recherche
Scientifique (INRS), Universita della Calabria

Worldwide applications

2018 USCA

Application US15/877,503 events @
2017-01-23 « Priority to US201762449333P

2018-01-92 « Annlication filed bv Institut National de la

» Laser-driven proton acceleration produces routinely energies 1-11

MeV, is this useful - can you do volumetric testing ?
« What materials can be analyzed ?
e Can you go beyond 10 ppm ? How quick is the analysis ?
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ELI Beamlines and its new project: Non-Destructive
Laser-driven Heritage Testing

Institute of Physics of the Academy of Sciences of the Czech Republic / H

a new project called Non-Destructive Methods of Heritage Testing , fina

(P4l risstu CR, the City of Prague). Researchers from ELI-Beamlines work| er n “ Intense La ser Irradlatlon La borator

Acceleration by Laser, and currently commissioning the ELIMAIA user bg r

the project by the Institute of Nuclear Physics in Re? and Istituto Nazion| L £ National Institute of Optics — National Council of Research ! |

Nazionali del Sud (INFN LNS) in Catania. INFN ranks among the best in ' .

and restoration of monuments, but with a conventional particle acceler: f G
protons will be worldwide unique for the combination of the planned al

Home ILIL Laser Facilities Research Publications People How to reach us Gallery

Laser-PIXE

Laser driven Particle Induced X-ray Emission:

source development and X-ray spectral/spatial analvsis

The PIXE (Particle Induced X-ray Emission) is a multi-elemental, quantitative, highly s¢ E N s U R E rc EEHEE&?"CO
ments with concentrations in parts-per-million), rapid, non-invasive and non-destructive :
to determine the composition of surface layers of a sample. The technique is based on s; EXPloring the New Science and engineering unveiled by DIPARTIMENTO D ENERGIA

- - . .. - . . Ultraintense ultrashort Radiation interaction with mattEr
characteristic X radiation emitted by each atom following irradiation with proton/ion bea

protons with MeV energies (2-3 MeV typically) that are currently produced with particle ¢
dimensions (and costs) represent a limit for the application of the same technique outside o:

HOME THE PROJECT GOALS METHODS m RESULTS COLLABORATIONS DISSEMINATION

NEWS

PEOPLE
CORE TEAM

PRINCIPAL INVESTIGATOR

A [ Matteo Passoni
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CCD DETECTOR (4 cm x 4 cm x 250 pm)
(solid angle ~0.81 str)

Proton beam 500 um Homogeneus target
Emitted X-Rays

Qi
__Surface of >0 pmt
the X-ray 300 I"'} bi-layer target
source
material

GEANT4 with the package G4ParticleGun, cylindrical symmetry,
number of particles between 104 and 10'3. The proton beam diameter

= 1 um (typical applications)

M. Pia, et al, PIXE simulations with Geant, IEEE Trans. Nucl. Sci., 56, 3614 (2009)
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. X-ray Emission

LN

Emission angle (10°)

Incidence angle (10°)

RCF

High-
power
laser 18

Proton‘;urce Cult. H sample

Efficiency 104 photons/proton
About 10'3 protons/MeV/str @ 3 MeV
->10-° photons / str - close to

experimental value

Very high Bremsstrahlung
Energies above 5 MeV of little inter

Ratio is independent from particle number
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Optimization of the incident angle: 60 degrees
N incident angle favors Bremsstrahlung for 3
IQS g MeV incident protons on SiIO, . ., &

scientifique

\ﬁ//\ Optimized angle for the detection of the K_alfa is around 30°
L |

Significant Bremsstrahlung
6000 F

90 F
L : incident angle
| 80 + Si Ko 1.74 respect surface]
e DO0G B 60 -
2 2 70 R
"g 4000 incident angle *8 60 I I ©0
=4 respect surface S I
= % 50
— 3000 —
G5 X 40
2 = L
> 2000 > 30
- - I
2 ' 2 20
‘= 1000 = I
g I aEJ 10
0 P 1 " ] L 0 e 1 1
1 4 5 0 1 2 3 4 B 6 ¥

Photon energy (keV) Photon energy (keV)

One of the most analyzed materials: Ceramics (SiO,), Mean energy 3 MeV, 10° protons,
3 cm distance



30° incide
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RS = Foy s S
[ SiKa1.74keV  incident =;
! horgy NN 3 In the
- (MeV) =g following we
chose 30°
as best
incident

angle !

Emitted X-ra

0 1 2 3 4 5 6 7 8

Photon energy (keV)

One of the most analyzed materials: Ceramics (SiO,), different mean energies, 10°
protons, 3 cm distance
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N 150

Nes833880

Emitted X-rays (X-rays ! 10% protons)

5901 SiKa 1.74 keVi o
2 80 Eal |
g | i)
- 70 ] “’E |
1; 60 | Ex [f]
g 50 | ——
}ﬁ-é: 40 Prioton energy (kei)
T 30 f B 10
= a0 Penetration [ 30
I depth (um) I 50
@ 10 . 70
SiKa 1.74 keV
- 6
Penetration — ??u
depth (pm) 130

o 1 2 3 4 S5 €& 7 &8
Fhoton energy (kel)

One of the most analyzed materials: Ceramics (SiO,)

Bin size = 0.5 keV

3 MeV

Bin size = 0.02 keV

18 |
£
]
I —
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£
=]
=
£ s|
5
S . "
- -
oFr = e
1 a A " 1 & A i L i AL i 1
20 40 a0 a0 100 120 140

Depth {um)

Useful region: ~2.5 — 4 MeV



Emitted X-rays (X-rays / 10° protons)
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Useful region: <~ 6 MeV
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How does th

Ag layer
Cu layer

track (pm)

Proton energy (MeV)

other Multi-

Ag(50um)//Copper(300um) multilayer sample
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For other multilayer targets ?
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« For example Pb//SiO, or Ti//SiO,) the transmittance of photons
generated in the SiO, layer is extremely low (close to zero) due to
the very low energy of the SiO, K_alfa photons.

« Multilayers consisting of Pigments//Ceramic and Pigments//Canvas,
simulated as a PbO layer on SiO, (or CaCO, for the canvas), or Ti0O,
layer on SiO, is the same.

Laser-PIXE very difficult for multilayers with
Ko <6 keV...
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SCIENTIFIC REPLIRTS

OPEN Laser-PIXE uSing laser-accelerated
_proton beams

M. Barberio & P. Antici

: Laser drrven proton acceleration is a field ofgrowmg interest, in particular for its numerous

Reccived: 8 January 2019 ing in the field of i Abenefit of these laser-based particle sources
Accepted: 10 April 2019 . istheir potential for a relative compactness in addition to some characteristics at the source that differ
Published onlinc: 02 May 2019 . from those of conventional, radio-frequency based proton sources. These features include, e.g., a higher

brilliance, a shorter duration, and a larger energy spread. Recently, the use of laser-accelerated protons
* has been prooosed in the field of Cultural Heritage. as alternative source for the Particle Induced

M. Barberio, P. Antici, Sci. Rep. 9, 6855 (2019)

SCIENTIFIC REPg}RTS

OPEN : Superlntense Laser-driven lon
Beam Analysis

: M. Passoni, L. Fedeli & F. Mirani

: lon beam analysis techniques are among the most powerful tools for advanced materials

Received: 26 April 2018 . characterization. Despite their grnwing relevance in a widening number of fields, most ion beam
Accepted: 3 May 2019 analysis facilities still rely on the oldest hnologies, with severe limitations in terms
Published online: 24 June 2019 of portability and flexibility. In this work we thoroughly address the potentlal of supennmnse Iaser—

driven proton sources for this application. We develop a
H sumble to describe Iaser driven ion benm analyﬂs, exemplifying the approach for Proton Induced

a interest. This allows us to propose a realistic
: des|gn fora compact, versatile ion beam analyﬂs facility based on this novel cencept These results
- can pave the way for ground-breaking in the field of -b

* characterization.
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We setup a mini-beamline to be implemented on typical commercial 200 TW lasers:
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Selector
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Selector

E+ AE L1 Lo L3 X y Q
(MeV) | (cm) (cm) (cm) (cm) (cm)  [(nC)
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OPEN' Design and opﬁmizafion ofa
“compact laser-driven proton
beamline

ived: 13 Noveaber 2017 © M.Sciscig™, M. Migliorati’, L. Palumbo? & P.Antici®

M. Sciscio et al.,
Sci. Rep. 8, 6299 (2018)

Laser and Particle Beams Design and optimization of a laser-PIXE

combridge.ngos beamline for material science applications

A. Morabito? @, M. Sciscid?3, S. Veltri®, M. MiglioratiZ and P. Antici®

Multi-MeV proton beams can be generated by irradiating thin sold foils with ulta-intense
(>10"" W/em®) short laser pulses. Several of their characteristics, such as high charge
and short pulse duration, make them a complementary alternative to conventional radio fre-
quency-based accelerators. A potential material science application is the chemical analysis

A. Morabito, M. Sciscio, S.
Veltri, M. Migliorati, P. Antici
(2019) Laser and Particle
Beams 1-10.



Institut national
de larecherche
scientifique

Experiments to verify the Laser-PLXE efficiency using laser-
accelerated protons using the newly commissioned ALLS
Proton beamline (Nov 2019)

* Check/develop a suitable X-ray detector (0.5 — 20 keV, able to
detect low photon numbers)

* Verify the experimental conditions for performing laser-PIXE
* How many shots are needed to see a signal !
* |s it possible to see materials up to what depth

 Compare the damatge induced to the materials by conventional
PIXE and laser-PIX

* Check the layer-by-layer analysis
Apply PIXE for Aerols (bigger advantage than Cultural Heritage ?)

a
Contents lists available at ScienceDirect IE | Development of a portable PIXE system for aerosol monitoring

WO 4 |
+v%4) Nuclear Instruments and Methods in Physics ResearchB | |
£ & | & | S.Matsuyama, K Ishii, D.Izukawa, H.Yamazaki, Ts.Amartaivan, K.Hotta, 'S Futatsugawa
VIE journal homepage: www.elsevier.com/locate/nimb 2
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Need a productivity and industrial competitiveness expert?

eparment of Quantumn Science and Energy Engineers
) ) o . For nearly 50 years,
Present role of PIXE in atmospheric aerosol research @mm "Nichina Me COI I . CRIQ has been providing
the broadest range of
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Deparement of Univesity Dee Bken) 1, BE-2510 Autwerp, Befrism Takizawa, Iwate 020-0173, Japan

innovation services in Québec.




Interested
IN ...collaborate or join us !

.. . . L
Institut national = S = e
de la recherche : L 1 4

i e e
scientifique QR -7 aicrs s shinas
e > R
: .
\
Y

/ 7 N

» YRe "N .
Thank you 1{e]g your attentlon

/
i
| mmm M i :
. —-— > b T
- - )
B . e -
’ :
[ 8.8

Come in!
WE ARE OPEN!

e





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


